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A single crystal of Co8(tacn)8(CN)12 has been characterized by microelectrospray ionization
mass spectrometry. The spectra obtained by use of Fourier transform ion cyclotron resonance
(FT-ICR), ion trap and quadrupole mass spectrometers show the 14, 13, and 12 charge states
of the cluster. With the aid of a 9.4 tesla FT-ICR mass spectrometer it was possible to resolve
the isotope pattern for each individual charge state. The data collected suggest that microelec-
trospray renders spectra which are more specific to the intact molecule, whereas more
fragmentation is induced under normal electrospray conditions. The present data suggest that
microelectrospray is a powerful tool for characterization of Prussian blue complexes. (J Am
Soc Mass Spectrom 1999, 10, 352–354) © 1999 American Society for Mass Spectrometry
Compounds known as Prussian blue analogs ex-hibit structures based on a cubic array of metalions linked via cyanide bridges [1, 2]. Classically
these compounds are produced upon addition of ferric
ions to an aqueous solution of ferrocyanide. The reac-
tion can be adapted to include a variety to transition
metals into the cubic framework, thus forming an
extensive family of Prussian blue type compounds. In the
novel synthesis [3] of the compound [CoIII8(tacn)8(CN)12]
the tridentate ligand [1,4,7 - tri azacyclononane (tacn)]
caps each corner of the cube, thus preventing the growth
of the tri-dimensional framework. The cavities within
these metal cyanide frameworks are largely responsible
for their ion exchange, molecular sieve, and catalytic
properties.
Characterization of this new type of Prussian blue
compound is difficult. Infrared and UV-visible absorp-
tion spectra are consistent with, although not definitive
for, the successful formation of the cubic cluster. Nu-
clear magnetic resonance spectroscopy is of limited use
because the compounds are often parmagnetic. X-ray
crystallography has proven most useful for character-
ization [3] of this type of compound but is time con-
suming and the quality of the individual crystal is
paramount to successful analysis.
Although fast atom bombardment ionization (FAB)
has been used to successfully characterize other intrac-
table organometallic complexes [4, 5], it was the advent
of electrospray ionization (ESI) [6] which has further
enabled analysis of bio-inorganic and inorganic com-
pounds [7–9]. In the research presented herein, mass
spectral data was obtained on a single crystal of the
Prussian blue analog. The importance of this lies not
only in the ability to analyze very small quantities of
compound, but also in the fact that this crystal may not
have been particularly representative of the “batch”
sample. This was observed earlier in a case where
FAB-MS was used to analyzed a single crystal of a
[Cr4Cp4
*] compound in which the crystal isolated for
X-ray diffraction studies did not have the same compo-
sition as other crystals in the synthetic product [4].
Another important aspect of this analysis is the
finding that microelectrospray [10, 11], rather than
traditional electrospray, is required for unambiguous
characterization; the latter giving evidence of many
more fragments which added considerably to the diffi-
culty of compound identification.
This communication provides evidence that micro-
ESI-MS is an extremely useful, sensitive, and fast tech-
nique for characterization of the Prussian blue complex
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[Co8
III(tacn)8(CN)12](C7H7SO3)12 shown in Figure 1.
Mass spectra have been obtained from a solution of a
single crystal and from a 0.2 nmol/mL solution of the
batch synthesis product.
Experimental
Electrospray spectra were acquired on a VG Quattro
triple quadrupole mass spectrometer, a Finnigan LCQ,
and a 9.4 tesla FT-ICR [12, 13]. For the VG Quattro a
standard ESI source was used. The spray potential was
4.20 kV, the high voltage lens was 0.5 kV, the cone
voltage was kept at 15 V, and the skimmer potential
was 5 V. For this particular type of sample it was
important to keep the cone voltage at a relatively low
value in order to reduce the in-source fragmentation.
The sample was infused via a syringe pump running at
4 mL/min.
Microelectrospray was performed on the Finnigan
LCQ instrument equipped with an electrospray ion
source. The sample was infused by a syringe pump; the
flow rate was 0.4 mL/min. The sheath and auxiliary gas
flow was disconnected. The heated capillary was kept
at 100 °C and the spray potential at 3 kV.
Microelectrospray [14] was also performed on the
National High Magnetic Field Laboratory homebuilt 9.4
tesla FT-ICR. The sample was infused at a rate of 0.3
mL/min through a 0.5 mm tapered microelectrospray
fused silica needle. The electrospray needle voltage was
maintained at 2.5 kV and the current on the resistively
heated capillary was set to 3.5 A.
The single crystal was dissolved in 50 mL acetonitrile
and the solution was equally divided. One half was
used for microelectrospray on the LCQ and the other
half was analyzed on the FT-ICR instrument. The batch
synthesis product was also dissolved in acetonitrile and
approximately 20 mL of the 0.2 nmol/mL solution was
used to obtain a standard electrospray mass spectrum.
Results and Discussion
The mass spectra obtained for the single crystal are
shown in Figures 2 and 3. Figure 2 shows the spectrum
obtained with micro-electrospray on the LCQ. Attempts
to use the zoom-scan facility on the LCQ to resolve the
isotope pattern of the different charge states were not
successful. Because of the nature of the compound,
peaks corresponding to fragment ions can often lead to
isobaric interferences with ions corresponding to differ-
ent charge states of the intact cube. The ion at m/z 796
was assigned to be the 14 charge state of the cube
Figure 1. Structure of Prussian blue complex. [Co8(tacn)8(CN)12]
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from [Co8(tacn)8(CN)12](C7H7SO3)12.
Figure 2. Microelectrospray spectrum obtained on the LCQ of
the single crystal of [Co8(tacn)8(CN)12](C7H7SO3)12.
Figure 3. A mass scale-expanded segment of the microelectros-
pray spectrum obtained by FT-ICR of the single crystal. The lower
half shows the theoretical distribution of the 13 charge state.
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[Co8(tacn)8(CN)12](C7H7SO3)8
41. The same ion could also
correspond to 1⁄4 of the cube [Co2(tacn)2(CN)3](C7H7SO3)2
1.
It is believed that the relatively high background pressure
(. 1 3 1025 torr) could be responsible for the induced
fragmentation observed in the ion trap during the rela-
tively long time period of the zoom-scan experiment. In
the FT-ICR, the background pressure is significantly lower
(, 5 3 1029 torr) and fragmentation is not observed. Thus,
for the compounds with a low activation energy to disso-
ciation, FT-ICR was able to resolve the isotope patterns for
the 13, 14, and 15 charge states. Figure 3 shows a portion
of the FT-ICR spectrum for the 13 charge state and a
theoretical simulation of the isotope pattern for
[Co8(tacn)8(CN)12](C7H7SO3)9
31. The FT-ICR data were ac-
quired at a resolving power of m/m50% 5 50,000. The
experimentally obtained isotope pattern matches the the-
oretical distribution extremely well.
From a synthetic batch of the same compound, a 0.2
nmol/mL solution in acetonitrile was analyzed. This
sample was subjected to normal electrospray on a triple
quadrupole instrument and to microelectrospray on the
ion trap instrument. The normal electrospray spectrum
(see Figure 4) shows a multitude of ions, some of which
are difficult to assign. These ions are believed to be
fragments of the cube and various association products
between the solvent and possible impurities. Four ions
(m/z474, 603, 796, and 1119) correspond to the 16, 15,
14, and 13 charge stages of the intact cube. Because of
the low resolving power of the quadrupole instrument
it was unfortunately not possible to easily determine
the exact charge state from the spectra.
The same 0.2 nmol/mL solution was run under
microelectrospray conditions on the LCQ. This spec-
trum corresponds well with the spectrum obtained
from the single crystal, although several spurious ions
are present which cannot be directly assigned to the
compound of interest. The main difference between the
two spectra is that the signal-to-noise ratio for the
spectrum obtained on the single crystal is significantly
better than for the spectrum obtained on the synthetic
batch. Furthermore, the spectrum of the synthetic batch
contains a number of ions not present in the spectrum
of the single crystal suggesting that the batch is not
100% pure.
Conclusion
These results demonstrate the capabilities of ESI mass
spectrometry in the characterization of a single crystal
of a Prussian blue cluster. The spectra contain enough
information (several charge states) to confirm the pres-
ence and nuclearity of the compound. Furthermore,
these data clearly emphasize the importance of the
spray technique and the mass spectrometer for success-
ful analysis. The standard electrospray source can be
used to confirm the presence of the compound but it can
also induce fragmentation which complicates the inter-
pretation of the spectra. However, microelectrospray
produced similar results for both the solution of the
single crystal and that of the 0.2 nmol/mL solution from
the batch synthesis. Of all the mass spectrometry tech-
niques utilized, the FT-ICR instrument proved ideal for
the analysis of this Prussian blue compound and, in
general, other highly charged species.
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Figure 4. Standard electrospray mass spectrum obtained on the
VG Quattro from a 0.2 nmol/mL solution from the batch synthesis.
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